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In European Union, the basic geotechnical code "EUROCODE 7 - Geotechnical design, Part 1 - General rules" (EC7-1) has been 
finished and its National Annexes have been drafted. The designs according to both EC7-1 and the Czech basic standard ČSN 73 0031 
“Structural reliability – Basic requirements for design” are based on the Limit State Design theory. However, there is a principal 
difference between the inputs according to EC7-1 and the inputs according to ČSN 73 0031. In general, the input difference results in 
too conservative (ineffective) designs according to EC7-1 and more effective (more optimistic) designs according to ČSN. Due to 
these differences analyses of slopes, shallow foundations and earth pressure concepts have been carried out and an analysis of pile 
design appears necessary, too. The Paper shows briefly the history and development of the Ultimate Limit State Design of bored piles.  
Attention focuses on a comparative analysis of the tabular design values and the results of numerical analysis and their suitability for 






In European Union, the basic geotechnical code 
"EUROCODE 7 - Geotechnical design, Part 1 - General rules" 
(EC7-1) has been finished and its National Annexes have been 
drafted. The designs according to both EC7-1 and the Czech 
basic standard ČSN 73 0031 “Structural reliability – Basic 
requirements for design” are based on the Limit State Design 
theory. However, there is a principal difference between the 
inputs according to EC7-1 and the inputs according to ČSN 73 
0031. In general, the input difference results in too 
conservative (ineffective) designs according to EC7-1 and 
more effective (more optimistic) designs according to ČSN. 
 
The theoretical basis of the EC7-1 Limit State Design is very 
dissimilar, more conservative, than that of the Czech basic 
standard ČSN 73 0031 which has proved well in long-term 
successful practice (since 1966). Mostly, this fact is due to the 
different definitions of material inputs. While the EC7-1 
defines "characteristic" values with the probability of 95%, the 
"standard" values according to ČSN 73 0031 are defined as 
average (probability of 50%). The definitions of design values 
according to both regulations are the same but, of course, due 
to different characteristic/standard value definitions the 
material partial factors are different. 
 
Because of these differences the analyses of slopes, shallow 
foundations and earth pressure concepts have been carried out 
during the preparation phase of the Czech National Annex and 
an analysis of pile design appears necessary, too. A 
comparative analysis needs a wide concept for tabular and 
numerical comparison. The suitable way of numerical analysis 
is the similarity solution of the design procedure and the 
subsequent analysis of the pile bearing capacity in whole 
range of usual soils. Analytical results are compared with 
tabular design values of the relevant Czech standard ČSN 73 
1002 "Pile Foundations". 
 
 
EC7-1 PILE DESIGN  
 
The code EC7-1 has its own long history (since the 70-ties of  
last century). However, it has no design and performance 
practice and no experience of its applications due to the fact 
that it has not been in full force yet. Naturally, the same 
applies to pile design according to EC7-1. Therefore only the 
final draft design is presented further. 
 
The pile design according to EC7-1 shall be based on one of 
the following approaches: 
a) the results of static load tests, which have been 
demonstrated, by means of calculations or otherwise, to be 
consistent with other relevant experience; 
b) empirical or analytical calculation methods whose validity 
has been demonstrated by static load tests in comparable 
situations; 
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c) the results of dynamic load tests whose validity has been 
demonstrated by static load tests in comparable situations; 
d) the observed performance of a comparable pile foundation, 
provided that this approach is supported by the results of site 
investigation and ground testing. 
Design values for parameters used in the calculations should 
be in general accordance with the EC7-1 requirements for 
geotechnical data, but the results of load tests may also be 
taken into account in selecting parameter values. The code 
recommends no calculation procedure or tabular values. 
 
 
CZECH STANDARD PILE DESIGN 
 
The original Czech/Czechoslovak standards were based on the 
Permissible Stress/Load Theory. The standard ČSN 73 1830 
of 1st July 1957 presented the "permissible loads" with regard 
to pile profile.  
 
The first Czech/Czechoslovak standard based on the Limit 
State Design Theory was ČSN 73 1001 "Subsoil under 
shallow foundations" of March 1966. The pile standard ČSN 
73 1002 "Pile foundation" was valid from 1st Jan. 1968  This 
pile standard presented the "standard loads" for bored and 
driven piles with regard to their profiles.  
 
ČSN 73 1002 was supplemented later by an other standard 
ČSN 73 1004 "Bored piles" of 1st June 1982. The standard 
ČSN 73 1004 presented the tabular "standard" values of pile 
bearing capacity for the settlement of 25 mm referred to pile 
diameter and density index ID. This standard defined also  
individual calculation procedures of the analysed standards for  
"design" bearing capacity of full and end bearing piles for 
axial and transverse loading,   
 
ČSN 73 1002 and ČSN 73 1004 were superseded by the latest 
Czech pile standard ČSN 73 1002 "Pile foundations" of 1st 
Apr. 1989. The standard contains only the tabular "design" 
bearing capacities of the driven and bored piles with regard to 
their profile and the density ID or the consistency index IC and, 
of course, regarding to pile length in the bearing layer(s).  No 
calculation procedure is presented.  
 
 
Tabular design procedures 
 
There are three standard tables of vertical tabular bearing 
capacity in the design values for bored piles classified 
according to the basic soil groups G (gravels), S (sands) and 
F.(fine grain soils). Standard tables Nos.4, 5, 6 are given on 
the following scales: 
- pile diameter: 0.3 ; 0.4 ; 0.5 ; 0.6 ; 1.0 ; 1.3 ; 1.5 m, 
- length bearing layer(s) of given group: 1 - 1.5 ; 3, 5, 10 m, 
- density index ID (for the groups G and S): 0.33 ; 0.67 ; 1.0 , 
- consistency index IC (for the group F): 0.5 ; 1.0 ; >1.5 . 
Standard tables Nos.2 and 3 for the group R (rocks), standard 
table No.1 for driven piles and tables Nos.7 and 8 for 
transversally loaded bored piles are not discussed. The 
following Table 1 with a reduced scale of pile diameter with 
lower and upper limits (0.3 and 1.5 m only) gives "design" 
values of tabular vertical bearing capacity 
 
Table 1. Vertical bearing capacity of bored piles according 
to ČSN 73 1002 of "design" values. 
 
lf d
m m kN kN kN kN kN kN
1.0-1.5 35 820 70 1600 200 5000
3 80 1000 160 2000 380 5600
5 110 1100 220 2300 500 6300
10 180 1450 370 3050 800 8000
lf d
m m kN kN kN kN kN kN
1.0-1.5 20 520 50 1000 175 4200
3 35 580 110 1300 275 4800
5 50 650 160 1600 370 5300
10 70 750 280 2200 570 6500
lf d
m m kN kN kN kN kN kN
1.0-1.5 25 500 60 1250 120 2000
3 60 700 130 1600 240 2700
5 90 820 180 1800 340 3400
10 160 1200 320 2400 580 4200









TABULAR VALUES ACC. TO ČSN 73 1002 (1.4.1989)
GRAVEL SOILS  G1 - G4
SANDY SOILS S1 - S5
PILE Uv,tab 0.3/1.5 Uv,tab 0.3/1.5 Uv,tab 0.3/1.5
Id = 0.33 Id = 0.67 Id = 1.0
0.3-1.5
FINE GRANULAR SOILS  F1 - F6, R7, G5
PILE Uv,tab 0.3/1.5 Uv,tab 0.3/1.5 Uv,tab 0.3/1.5




Calculating design procedures  
 
The discussed regulations (EC7-1, Czech pile standards) 
involve the only procedures of ČSN 73 1004 "Bored piles" for 
both axially and transversally loaded piles. The theoretical 
base is the Limit State Design Theory. The procedures are in 
accordance with contemporary knowledge of standard 
performance and edition (1980-1982).  
 
The toe bearing capacity calculation makes use of the design 
limit stress calculation according to ČSN 73 1001 "Subsoil 
under shallow foundations". The bearing capacity calculation 
of the face considers shear under pressure at rest and neglects 
the cohesive resistance between concrete and soil. The 
distribution of stresses and forces between the pile toe and the 
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Axial bearing capacity according to ČSN 73 1004 
 
A general homogeneous mass and vertical axial loading force 
according to Fig. 1 are assumed. The two components of pile 
bearing capacity (bearing capacity of toe and pile face shear 
strength) are calculated separately and the ideal pile bearing 
capacity is summed like the upper limit of the whole pile 
bearing capacity. A general analysis of the distribution of both 
bearing capacity components does not seem adequate and 
useful. 
 
The geotechnical design values (cd , φd) are derived by the 
usual LSD procedure from "standard" valueswhich , however, 
is basically different from the procedure of EC 7-1 deriving 
design values from "characteristic" values.  These procedures 
are of no significance for similarity and they will not be 
differentiated in further text. 
 
Toe bearing capacity.  The solution is based on ČSN 73 
1001 “Subsoil under shallow foundations”. The procedure 
requires the following 7 inputs: 
r - radius of the pile,         
h - depth (height) of the pile, 
δ  - deviation of loading force from vertical direction, 
γ1 - unit weight of soil above pile toe,    
γ2 - unit weight of soil below pile toe,     
φd - angle of soil resistance - design value, 
c d - cohesion - design value. 
All values should be considered as "design" values.  The first 
three quantities are geometrical, the last four material 
properties. 
 
The solution is based on three following dimensionless 
functions of the angle of soil resistance characterising the 
influence of foundation width, cohesion and angle of soil 
resistance: 
 
Nb = 1.5 (Nb -1)*tg φd          (1) 
 Nc = (Nb -1)*cotg φd     φd > 0    (2) 
 Nc = 2 + π        φd = 0   (2`) 
Nd = tg2 (45+φd /2)*exp(π∗tg φd)      (3) 
 
Bearing capacity stress under the toe is given by equation 
 
R d = cd* Nc*sc*dc*ic + γ1*h*Nd*sd*dd*id  +     
+γ2*0.5*b*Nb*sb*db*ib        (4)  
 
where coefficients  s, d, i  follow from 
 
(5, 6, 7) 
(8, 9, 10) 
(11, 12, 13) 
 
( ) 11 2 =−= δtgib1=bd7.03.01 =−=bs
The coefficient equations are lined according the standard. 




1 2π= (14) 
 
Shear bearing capacity  The solution is based on ČSN 73 
1004 “Bored pile”. The procedure needs the following 4 
inputs: 
r - radius of the pile,         
γ1 - unit weight of soil above pile toe,    
h - depth (height) of the pile, 
φd - angle of soil resistance - design value, 
c d - cohesion - neglected, 
and 1 coefficient: 
m 1 - coefficient of the state m 1 = 0,7 . 
The first two quantities are geometrical, the last three material 
properties. All values should be considered as design values. It 
is not prescribed in the standard how the design material 
values should be derived. In the author's opinion it is formally 
correct for this component to use the design material values 
according to ČSN 73 0037 "Earth pressure acting on 
structures". Cohesion is neglected and the bearing capacity 




1*2* 21 −= hrmQsu (15) 
 
A distinction of the different design material values (according 
to ČSN 73 0037, ČSN 73 1001) is omitted for easier 
expression. The user should be careful to remember it. 
Fd 






Similarity solution focuses above all on the extraordinary 
variability of soils and their material properties.  The solution 
does not consider the skew of load (angle δ of force) because, 
from viewpoint of bearing capacity, it appears less important. 
dds φsin1 +=
rhdc /1.01+= ( ) 11 2 =−= δtgic
dd rhd φ2sin*)/(1.01 += ( ) 11 2 =−= δtgid
Qsu /2 Qsu /2 
Qbu  
2,12.01 =+=cs
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Thus, the coefficients  ib = ic = id = 1.  The solution involves 
investigation of the effective stress state only; the solution of 
the total stress state does not appears substantial for the further 
geotechnical comparative analysis.  With regard to the purpose 
of use for the geotechnical comparative analysis, the 
geometrical parameters except of depth h are defined as 
dimensionless quantities and are considered for the similarity 
solution as constants (see eqs. below).  The soil mass is 
homogeneous.  Consequently, the solution considers the 
variable inputs h, γ, φ, c and the following constant inputs: 
 
η = h/r κλ = (c)/γ tg(φ) λ = (c)/γh tg(φ) (16a,16b, 16c) 
 
 
Toe bearing capacity 
 
The functional of bearing capacity stress of the pile toe 
according to the equation (4) is expressed by 
 
R bd = (c)* Nc(φ)*sc*dc + (γ)*(h)*Nd(φ)*sd(φ)*dd(φ) +    
+ (γ)*0.5*η*(h)*Nb(φ)*sb*db      (17) 
 
Using a simple set-up of former showed equations we can 
defined a more suitable similarity functional with functions 
F1(φ, c), F2(γ,φ, h), F3(γ,φ, h): 
 



















The last formulation of bearing capacity functional (22) 
involves two dimensional variables h and γ  separated using 
dimensionless geotechnical similarity coefficient λ (Janbu`s) 
which can be considered constant for a number of 
(mathematically for infinitely) combinations. Thus the 
dimensionless similarity function of shallow bearing capacity 
is defined as is shown below: 
 ( ) ( ) (φφφλ sssbd FFF 321* ++=Ρ ) (26) 
 
The limit bearing capacity force of the toe is given according 
(14) and (22) by equation 
 
dbu hrQ Ρ= *)(*)(*4
1 2 γπ (27) 
 
and after the adjustment r = h/η the final formula for the toe 
component of the bearing capacity is expressed by 
 







Shear bearing capacity 
 
The functional of bearing capacity of the face shear 
component according to the equation (15) after easy 
adjustment for r = h/η can be expressed only in dependence 
on the angle of shearing resistance φ  by 
 
φφη
πγ tan*)sin1(***)(*)( 13 −= mhQsu (29) 
 
 
Ideal pile bearing capacity 
 
The ultimate pile bearing capacity depends on load 
distribution between the toe and the shaft face of the pile due 
to the deformation of the soil mass both under the toe and 
around the pile and also slightly less to the deformation of the 
pile itself. An analysis of load distribution requires a number 
of other parameters which lead to an extraordinary number of 
possibilities and combinations. From the point of view of this 
analysis a simpler definition of the complete pile bearing 
capacity appears useful.  
( ) ( ) ( ) ( )( ) φφηφ tgNccF d /1*1.01*2.1,1 −+= ( )
( ) ( )( ) ( ) ( ) ( )φγφηφφγ dNhhF ***2sin21.01*))sin(1(,,2 ++=
( ) ( ) ( ) ( ) ( )( ) ( )φφγηφγ tgNhhF d *1***/1*7.0*75.0,,3 −=
 
The complete similarity analytical solution of the pile bearing 
capacity Qpui is the sum of both force components (30) and it 
is called "ideal bearing capacity". The analytical solution has 
enabled the separation of the dimensional parameters h and γ  
from dimensionless parameters and the definition of the 
dimensionless similarity functional Ρd  (31) 
( ) ( ) ( ) ( ) ( )[ ]φφφλγ sssbd FFFhR 321** ++=








⎡ +Ρ=Ρ mbdpu (31) 
 
 




5 10 15 20 25 30 35 4
This formulation keeps the standard separation of cohesion, 
angle of soil resistance and geometrical influences on bearing 
capacity of the toe according the foundation procedure (Ρbd). 
RESULTS OF NUMERICAL SOLUTION 
 
The ideal bearing capacity history Qbdi  and the histories of its 
components can be seen in Figs. 2a, b, c in dependence on the 
angle of shearing resistance φ and the Janbu´s similarity 
coefficient  λ.  The calculation procedure of ČSN 73 1004 is 
designed for the settlement of 25 mm and the consideration of 
"standard" values of the parameters (average values).  
 
The bearing capacity components can derived from the curve 
of the shear bearing capacity of the pile face which is 
independent on λ and thus applies to all curves of the ideal 
pile bearing capacity. The relevant toe bearing capacity Qbu is 
given by the difference between the unique ideal bearing 
capacity curves Qpui and the curve of the shear capacity Qsu  
(dashed). 
 
The results of the numerical solution are shown in Figs. 2a, b, 
c for the following inputs: pile diameter D = 1 m, pile length 
in bearing layer h = 1, 5, 10 m, weight density γ = 20 kN/m3 .  
 
   
 
Fig. 2. Histories of the ideal bearing capacity of piles of 
diameter of 1.0 m and different lengths in bearing layers h. 
The quality of the soil mass is given by the angle of shearing 
resistance φ and the Janbu´s similarity coefficient λ: 
α)  h=1 m, 
b) h=5 m, 




A general exact evaluation is difficult due to the extraordinary 
large number of possible real cases. An idea can be achieved 
from comparison results of more general cases with the design 
values of the Table 1. Inputs from a rather wide and reliable 
database of physical properties of the central Bohemia soils 
were applied for calculated cases instead inputs of real cases,. 
The following chosen inputs are averages of standard  
(probability of 50 %) values of considered soil groups. 
Sandy soils S2-S5 (70 samples): 
γ = 1900 kN/m3 , φn  = 30,7°, c n = 12,9 kPa. 
Fine granular soils F3-F8 (109-94 samples): 
γ = 1980 kN/m3 , φn  = 23,7°, c n = 45,3 kPa. 
The calculated results are composed in Tab.2 below 
distinguishing bearing capacity of the toe, shearing resistance 
and the ideal bearing capacity together with corresponding 
values of the Tab.1. 
 
The comparison of the calculated bearing capacities for the 
average soils with tabular values according to ČSN 73 1002 in 
Table 2 shows an approximate reliability of the tabular values 
according to ČSN 73 1002 (Tab.1). The safety factors for the 
supporting layer thickness of 1.0 m are about of Fs = 2. Then 
the factors increase with the increasing thickness 
approximately to the values of Fs = 6 for thin piles of 0.3 m 
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Of course, it is necessary to remember the calculated results 
represent the Ultimate State only. It can be considered the 




Table 2. Vertical bearing capacity of bored piles according to the calculations from the average soil standard values and according to 
ČSN 73 1002 of "design" values. The safety factor Fs  gives safety of the Ultimate Limit State only. 
 
SANDY SOILS S2-S5 
2r 0,3 m 1,5 m 
 CALCULATION  TAB.1 Fs CALCULATION TAB.1 Fs 
lf Qbu Qsu Qpui Qtud Qpui/Qtud Qbu Qsu Qpui Qtud Qpui/Qtud 
m kN kN kN kN 1 kN kN kN kN 1 
1,0 97 3 100 50 2,00 2230 18 2248 1000 2,25 
3,0 319 33 352 110 3,20 7015 164 7179 1300 5,52 
5,0 565 91 656 160 4,10 12067 455 12522 1600 7,83 
10,0 1253 364 1617 260 6,22 25509 1821 27880 2200 12,67 
FINE GRANULAR SOILS F3-F8 
2r 0,3 m 1,5 m 
 CALCULATION TAB.1 Fs CALCULATION TAB. 1 Fs 
lf Qbu Qsu Qpui Qtud Qpui/Qtud Qbu Qsu Qpui Qtud Qpui/Qtud 
m kN kN kN kN 1 kN kN kN kN 1 
1,0 110 3 113 60 1,88 2522 17 2539 1250 2,03 
3,0 365 31 396 130 3,05 7964 154 8118 1600 5,07 
5,0 649 86 735 180 4,08 13727 429 14156 1800 7,86 
10,0 1447 343 1790 320 5,59 29127 1715 30841 2400 12,85 
 
the Service Limit State and its requirement for maximal 
admissible settlement of spu = 25 mm. From this point of view 
it appears that the values of Tab.1  are acceptable for simple 





The concept of EC7-1 prefers load tests but makes it possible 
to use calculations of bearing capacity. The calculations 
procedure(s) is (are)  not prescribed. 
 
The latest Czech standard 73 1002 "Pile foundations" contains 
the "design" values of pile bearing capacity in a number tables. 
The values can be considered like proven with regard to the 
long application in practice (almost 20 years).  
 
The presented analytical solution of pile designs according to 
ČSN 73 1004 leads to the relative simple formulae (26) and 
(28) for toe capacity component and (29) of face shear 
component. The formulae of component create the base of the 
global formula (30) or.(31),  for further numerical analyses 
and a comparison of the LSD designs according to ČSN and 
EC7-1. The solution makes possible to consider different 
approaches to the derivation of the design values of 
geotechnical quantities. 
 
The results of the numerical analysis according to the 
procedure defined in ČSN 73 1004 "Bored piles" (in 
"standard" values) appear to be in accordance with the tables 
of ČSN 73 1002 (in "design" values - recalculation is 
necessary) if the safety and the Service Limit State are 
considered. 
On the basis of this analysis it can be recommended for the 
National Annex to accept the load test concept of EC7-1 and 
to complete the National Annex with the bearing capacity 
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